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METHOD FOR MANUFACTURING ELECTRONIC SEMICONDUCTOR DEVICES 



BACKGROUND OF THE INVENTION 

Field of the Invention 

In its more general aspect, the present invention relates to 
5 manufacturing electronic semiconductor devices. 

More particularly, the present invention relates to a method for 
manufacturing electronic semiconductor devices by providing circuit patterns on a 
semiconductor substrate through either engraving or etching of said substrate with 
watery acid solutions. 

10 Description of the Related Art 

As it is well known, one of the fundamental technological steps for 
manufacturing electronic semiconductor devices is manufacturing circuit 
configurations or patterns on a semiconductor substrate. 

At this purpose, a photo-resist layer is deposited on the 

15 semiconductor substrate and it is afterwards selectively removed, through 
traditional photolithography, in order to expose portions of said substrate 
according to a defined geometry corresponding to the desired circuit pattern. 
Then, the substrate is selectively etched in correspondence with the exposed 
portions in order to transfer the defined geometry from the photo-resist layer to 

20 one or more underlying semiconductor substrate layers. 

In an embodiment of this method, according to the typology and 
features to be assigned to the final product, it can be convenient or necessary to 
manufacture circuit patterns on a semiconductor substrate by etching it with 
watery solutions containing acids. In this case, a photo-resist material of the so- 

25 called "i-line" type is generally applied in advance on the semiconductor substrate, 
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i.e., a photo-resist material for which the exposure to wavelengths (A) of about 365 
nm in the common photolithographic development is provided. 

Although advantageous under many aspects, this embodiment has 
the drawback that through the photolithographic development applied to the "i-line" 
5 photo-resist material it is impossible to control adequately the layout, overlay and 
current density features to be obtained in the final electronic device if the latter 
must be manufactured with very reduced submicromic size and thus with very 
thick circuit structures. 

However it is known how microelectronics, for several years, has 
10 undergone a general trend providing a steady reduction of semiconductor device 
sizes and consequently a continuous thickening of the various circuit structures 
forming them. 

According to this more and more urgent need, methods for 
manufacturing electronic semiconductor devices have been thus developed in the 

15 prior art, which provide, in the domain of circuit pattern manufacturing, the use of 
so-called "deep UV" photo-resist materials instead of common "i-line" photo-resist 
materials, whose exposure during the common photolithographic development is 
performed in the far ultraviolet (A=248 nm). 

The use of "deep-UV" photo-resist materials allows innovative 

20 equipment to be used, particularly photo-resist exposure machines operating in 
the far ultraviolet, through which an adequate layout, overlay and current density 
control can be obtained, even when manufacturing electronic semiconductor 
devices having a very critical submicrometric size. 

Although advantageous under many aspects, these methods have 

25 however the drawback of being scarcely usable when in the production line an 
etching of the semiconductor substrate is provided with acid, watery solutions in 
correspondence with the exposed portions thereof by selectively removing the 
"deep-UV" photo-resist material previously applied thereon. 
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In fact it has been verified that when particularly aggressive watery 
acid solutions are used for etching the semiconductor substrate, a loss of 
adhesion between the "Deep UV" photo-resist layer and the substrate to be etched 
disadvantageously occurs, and subsequently the etching reaction can occur also 
5 in the unexposed areas of the semiconductor substrate at the interface with the 
above photo-resist layer. 

The causes determining this loss of adhesion must be mainly 
searched in the "deep UV" photo-resist material own features and in the relevant 
photolithographic development process, as well as in the semiconductor substrate 
10 hydrophilicity. 

In fact, as it is well known, a "deep UV" photo-resist material 
essentially comprises a resin containing protective groups which can be removed 
by means of an acid, a photosensitive compound effective to generate an acid 
when exposed to an ultraviolet radiation (Photo Acid Generator - PAG) and a 
15 solvent. 

The adhesion between the photo-resist material and the substrate is 
mainly due to the interaction between the polar groups of the resin and those of 
the substrate. 

The polar groups of the resin, which generally consists of a poly- 
20 hydroxy-styrene derivative, are essentially composed of a limited number of free 
hydroxyl groups (-OH) and in large part of carbonate groups (OC0 2 ) of the 
protective groups (for example ter-butyl-carbonate) used to block some resin 
hydroxyl groups in order to make it essentially insoluble in watery solutions. 

During the common photolithographic development, the substrate 
25 whereon the "deep UV" photo-resist material has been applied and adhered is 
selectively exposed, through a convenient mask, to ultraviolet radiation and it thus 
undergoes a baking step (Post Exposure Bake - PEB) and a development step. 
During the exposure, the photo-resist compound generates ions H + (acid), which in 
the baking step remove in the exposed areas the resin protective groups (in this 
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specific case by etching the group OC0 2 ) generating a soluble compound in a 
basic solution used for the development step. Figure 1 shows a reaction diagram 
concerning the above-described photolithographic process. 

Now, since the reaction between ions H + and resin protective groups 
5 can partially occur also at room temperature, when very aggressive acid solutions 
are used for etching the substrate after the photolithographic process, it may occur 
that the photo-resist material on substrate unexposed areas is etched by the ions 
H + of the acid solution being used, and the resin carbonate polar groups are 
subsequently partially or totally removed in the same way as shown in the reaction 
10 diagram of Figure 1 . 

Therefore, the resin deprived of the carbonate polar groups would no 
more be able to adhere efficiently to the substrate and, thus, the substrate etching 
can also extend to the regions thereof being unexposed to the photolithographic 
process. 

15 Moreover, it must be noted that the substrate etching in unexposed 

regions is further favored by the semiconductor substrate hydrophilicity which 
favors the diffusion of the acid solution at the interface between the substrate and 
the photo-resist material. 

All this clearly involves an inadequate control of the size of the circuit 

20 patterns formed on the semiconductor substrate, to the total detriment of the 
functionality and reliability of final electronic semiconductor devices which are 
unsatisfactory mainly when these devices are manufactured with very reduced 
size. 

In prior art it has been tried to improve the adhesion between the 
25 "deep UV" photo-resist materials and the substrate by treating surface of the latter 
with hexamethyldysilazane (HMDS). Nevertheless, this treatment is ineffective 
when, after the "deep UV" photo-resist material development, the substrate is 
chemically etched with very aggressive watery acid solutions. 
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BRIEF SUMMARY OF THE INVENTION 

An embodiment of the present invention provides a method for 
manufacturing electronic semiconductor devices by providing circuit patterns on a 
semiconductor substrate through either engraving or etching of said substrate with 
5 watery acid solutions., overcoming the above-mentioned prior art drawbacks. 

The method includes the steps of: 

depositing a layer of hydrophobic material on a substrate; 

depositing a "deep UV" photo-resist layer on the layer of hydrophobic 

material, 

1 0 selectively removing the "deep UV" photo-resist layer in order to form 

at least an opening therein and expose at least a portion of the hydrophobic 
material, 

selectively removing the hydrophobic material in correspondence 
with at least an exposed portion thereof in order to expose at least a portion of the 
1 5 substrate, 

etching said substrate in correspondence with said at least one 
exposed portion thereof through chemical etching with watery acid solutions, 

removing the layer of hydrophobic material and the "deep UV" photo- 
resist layer from the unexposed portions of the semiconductor substrate. 
20 The present invention is based on the remarkable finding that 

interposing a layer of hydrophobic material between the substrate and the "deep 
UV" photo-resist material avoids adhesion problems between the latter in the 
subsequent substrate etching with an watery acid solution while, in the meantime, 
due to the scarce "wettability" of the hydrophobic material, the acid solution 
25 diffusion in the substrate areas being unexposed to acid etching is also prevented. 

Further features and advantages of the present invention will be 
more apparent from the following description of an embodiment thereof given by 
way of non-limiting example with reference to the attached drawings. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
In the drawings: 

Figure 1 is a reaction diagram concerning a photolithographic 
development process of a "deep UV" photo-resist material used in the method 
5 according to the present invention; 

Figure 2 shows cross sections of an electronic semiconductor device 
portion during the following steps of the method according to the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

10 The process steps described hereinafter do not form a complete 

process flow for manufacturing electronic semiconductor devices. The present 
invention can be implemented together with the electronic semiconductor device 
manufacturing techniques presently used in this field, and only the commonly used 
process steps being necessary to understand the present invention are included in 

15 the description. 

The electronic semiconductor device portion shown in Figure 2 in the 
different manufacturing steps is not drawn to scale but only schematically in order 
to show features of the present invention. 

With reference to Figure 2, a portion of a semiconductor device is 

20 shown, the device having a layered circuit structure comprising a lower substrate 2 
and an upper substrate 3 to be defined by etching with watery acid solutions. 

The term substrate is used in this case to indicate any layer of 
semiconductor material, for example silicon. In particular, the term "substrate to 
be defined" means hereinafter the substrate whereon circuit patterns are to be 

25 formed through chemical etching thereof with watery acid solutions. 

In the method, first a layer of hydrophobic material 4 is deposited on 
the upper substrate 3 to be defined and then a "deep UV" photo-resist layer 5 is 
deposited on the hydrophobic material layer 4. 
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Then the "deep UV" photo-resist layer 5 is selectively removed 
through traditional photolithographic techniques according to the photo-resist 
material development reaction diagram shown in Figure 1. 

The selective removal of the "deep UV" photo-resist layer 5 allows 
5 openings 6 to be formed therein (Figure 2 shows for simplicity only one of these 
openings) in order to expose corresponding portions 4a of the hydrophobic 
material 4. A circuit pattern to be defined on the upper substrate 3 corresponds to 
these openings. 

Afterwards, the selective removal of the hydrophobic material 4 is 

10 performed in correspondence with the exposed portions 4a through traditional 
techniques. Openings 6 are therefore vertically extended in the hydrophobic 
material layer 4 up to expose portions 3a of the upper substrate 3 to be defined. 

At this point, the circuit pattern defined by openings 6 in the 
hydrophobic material layer 4 and in the "deep UV" photo-resist layer 5 is 

1 5 transferred in the upper substrate 3. This transfer is performed by chemically 
etching with watery acid solutions the exposed portions 3a of the upper substrate 
3 to be defined in order to expose portions 2a of the lower substrate 2. Therefore, 
being the upper substrate 3 now defined, the removal of the "deep UV" photo- 
resist layer 5 and of the underlying hydrophobic material layer 4 on unexposed 

20 portions of the already defined upper substrate 3 is performed in a traditional way. 

The hydrophobic material can be any material capable of adhering 
efficiently to the semiconductor substrate and to the "deep UV" photo-resist layer 
and of preventing the acid solution from diffusing during the semiconductor 
substrate etching in areas or portions thereof being unexposed to this etching. 

25 Hydrophobic materials suitable for this purpose can be chosen from 

the group comprising a polymeric organic material, essentially composed of a 
polymethylmetacrilate, known as BARC (Bottom Anti reflection Coating), 
polytetrafluoroethylene, polyethylene, polystyrene and polyvinyl chloride. 
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Preferably, the layer thickness of these hydrophobic materials can vary from 300 
to 1600 A. 

The most preferred hydrophobic material is BARC. Generally, in the 
domain of semiconductor devices manufacture, the BARC layer prevents the 

5 photo-resist layer from being exposed in the photolithographic process to "back"- 
radiation, i.e., the radiation being reflected by the substrate which would endanger 
the photolithographic definition quality. Nevertheless, in prior art the BARC layer is 
commonly used in semiconductor device production lines in which the substrate is 
dry etched, for example by means of gas mixtures. 

10 However, in the method according to the invention which provides 

instead a substrate "wet" etching, this material not only improves "deep UV" photo- 
resist material performances but it also prevents, due to its reduced "wettability", 
the diffusion of the acid solution used in the following semiconductor substrate 
etching in the portions thereof which are unexposed to this etching. Therefore, 

1 5 through the present invention a considerable improvement of the production 

process is achieved in terms of improved resolution and control of the critical size 
of circuit patterns formed on the semiconductor substrate. 

Moreover, the BARC hydrophobic layer depositing step can be easily 
performed and it is advantageously suitable for an integration in the common 

20 photolithographic process thus achieving an equipment and production cost 
reduction. 

The selective removing step of the ultraviolet-radiation-sensitive 
material layer is traditionally performed in the photolithographic process according 
to the reaction diagram shown in Figure 1 and using an alkaline, watery solution 
25 for the photo-resist material development. 

Also the hydrophobic material selective removing step is performed 
traditionally, preferably by plasma etching, for example with gas mixtures. 

Preferably, the acid, watery solution used for etching the 
semiconductor substrate to be defined is a solution containing hydrofluoric acid 
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(HF) and, optionally, ammonium fluoride (NH 4 F) as buffer agent. The hydrofluoric 
acid concentration in the watery solution is generally comprised between 0,1% and 
10%. 

The hydrophobic material and photo-resist material removing steps 
5 after the etching step of the semiconductor substrate to be defined occur 

traditionally and preferably as previously mentioned with reference to the selective 
removal steps of these materials. 

In an embodiment of the method according to the invention, the 
upper substrate 3 to be defined is formed of silicon oxide and it has a thickness of 
10 30-1 500 A, the hydrophobic material layer 4 is formed of BARC and it has a 

thickness of 600-1600 A and the "deep UV" photo-resist layer 5 has a thickness of 
0,3-1 ,7 microns. The "deep UV" photo-resist layer 5 is selectively removed 
through traditional photolithography and the hydrophobic material layer 4 is 
selectively removed by plasma etching comprising a gas mixture of argon, oxygen 
15 and nitrogen. 

Therefore, the exposed portions of the upper substrate 3 to be 
defined are chemically etched with a watery solution comprising 0,1-10% of 
hydrofluoric acid and layers 4 and 5, respectively of BARC and "deep UV" photo- 
resist material, are removed from the already defined upper substrate 3 
20 unexposed portions as previously indicated with reference to the selective removal 
of these layers. 

The main advantage of the method is that it allows semiconductor 
devices to be manufactured, even having a very critical size and with an adequate 
resolution and control of circuit patterns formed thereon through etching of the 
25 semiconductor substrate with acid, watery solutions. All this is obtained since in 
the electronic semiconductor device manufacturing method according to the 
invention, differently from known technologies, "deep UV" photo-resist material 
photolithography can be combined with the semiconductor substrate etching with 
watery acid solutions. 
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A further advantage of the method is its easy and economical 
implementation since it can be easily integrated in presently used semiconductor 
device production processes by means of a traditional equipment. 

All of the above U.S. patents, U.S. patent application publications, 
5 U.S. patent applications, foreign patents, foreign patent applications and non- 
patent publications referred to in this specification and/or listed in the Application 
Data Sheet are incorporated herein by reference, in their entirety. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of 
10 illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as by 
the appended claims. 
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